The present investigation was undertaken to examine the characteristics of purified toxic shock syndrome toxin-1 (staphylococcal enterotoxin F) given intravenously to dwarf goats (dose, 0.02 to 20 ,ug kg-'). Rectal temperature, heart rate, rumen motility, plasma zinc and iron concentrations, and certain other blood biochemical and hematological values were studied and compared with the changes seen after intravenous administration of staphylococcal enterotoxin B (dose, 0.02 to 0.5 ,ug kg-'). Similar changes such as fever, tachycardia, inhibition of rumen contractions, drop in plasma zinc and iron concentrations, lymphopenia, and a decrease in serum alkaline phosphatase activity were observed. In contrast to the effects of toxic shock syndrome toxin-1, staphylococcal enterotoxin B induced colic, watery diarrhea with pseudomembranes, hemoconcentration, and a more pronounced increase in blood urea nitrogen. The results obtained demonstrate that (i) in the goat staphylococcal enterotoxin B is much more potent than toxic shock syndrome toxin-1 and (ii) the goat is a useful model to study the gastro-intestinal effects caused by staphylococcal enterotoxin B. The present finding that no clear relationship could be found between the temperature response and the alterations in zinc and iron levels in plasma support the theory that the febrile reactions and the changes in plasma trace metals are mediated by different polypeptides released by activated macrophages.
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Staphylococcal infections theoretically could led to the circulation of potent toxins throughout the body. Moreover, staphylococcal enterotoxins are important causes of food poisoning (1, 2, 5, 7) . The enterotoxins are classified into several distinct immunological types designated from A to F. Staphylococcal enterotoxin B (SEB) was the first obtained in a highly purified form and has been the most often studied (2) . In susceptible species, vomiting and diarrhea are typical signs which can be observed after highly puirified SEB is given. A severe shock-like syndrome can be induced when relatively large doses of SEB (50 to 100 ,ug kg-') are given intravenously (i.v.) (1, 18) . Staphylococcal enterotoxin F (SEF) has been recently isolated from Staphylococcus aureus strains associated with toxic shock syndrome (7) . Both subcutaneous and i.v. injections of SEF caused diarrhea in rabbits at dose levels lower than 50% lethal doses (25) . The mode of action of these toxins is still unknown. This is particularly due to the lack of convenient and appropriate animal models. Other exotoxins associated with S. aureus isolates obtained from cases of toxic shock syndrome have been termed pyrogenic exotoxin C (29) and toxic shock toxin (26) . It has been suggested that these toxins are similar to or may be identical to SEF (27) . In this paper we will refer to the material as toxic shock syndrome toxin-1 (TSST-1) (accepted nomenclature during the Toxic Shock Syndrome Symposium, University of Wisconsin-Madison, Madison, Wisc., 30 May-1 June, 1984). The present investigation was undertaken to examine the characteristics of purified SEB and TSST-1 given to dwarf goats by i.v. injection. * Corresponding author.
MATERIALS AND METHODS
Staphylococcal enterotoxins. A highly purified preparation of TSST-1 isolated by the modified method of Shinagawa et al. (30) was used. It was obtained from S. Notermans, National Institute of Public Health, Bilthoven, The Netherlands. For the production of this batch, S. aureus set 13, isolated from a patient with symptoms of toxic shock syndrome, was used. This strain did not produce enterotoxins when tested by the Ouchterlony gel diffusion technique, using antisera kindly provided by M. S. Bergdoll, Food Research Institute, Madison, Wisc. Purification steps were as follows: (i) carboxymethyl-Sephadex C-25 chromatography, (ii) quarternary aminoethyl-Sephadex A-25 chromatography, and (iii) gel filtration on Sephadex G-75. The Sephadex G-75 gel filtration pattern showed that the toxin was eluted as a single peak with a molecular weight of ca. 20,000 to 25,000. Disc-polyacrylamide gel electrophoresis of the batch resulted in a single band (24 jig of protein was applied).
Sodium dodecyl sulfate-disc-polyacrylamide gel eiectrophoresis of 15 ,ug of protein without treatment with ,-mercaptoethanol showed a single band (molecular weight of ca. 23,000). Iso-electric focusing patterns of purified TSST-1 resulted in a single band with an iso-electric point of 7.2. Antiserum raised against TSST-1 did not cross-react with enterotoxins (A to E). Further details are given in the paper published by Notermans and Dufrenne (25) . Purified SEB (lot [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] , which has been used extensively in other studies (1, 2, 11, (18) (19) (20) immediately before administration; they were injected into the jugular vein. Animals. Thirty-eight healthy dwarf goats, females and castrated males, were used; they weighed between 21 and 45 kg (mean ± standard error, 33.3 ± 1.4 kg). All animals were kept indoors and fed a diet of hay and pelleted concentrate (39) . Water was provided ad libitum.
Experimental procedures. The animals were trained to stand quietly during actual recording sessions by repeatedly placing them in the experimental cage for several hours at a time; catheters (nasal) were passed into the rumen. Thereafter, the animals were allocated into several groups: groups I (n = 5), II (n = 5), and III (n = 6) were given TSST-1 i.v. at dose levels of 1.0, 10, and 20 ,ug kg-1, respectively (Table 1) .
Four goats received TSST-1 at lower dose levels: 0.02 (n = 2) and 0.1 ,ug kg-1 (n = 2). Groups IV (n = 5), V (n = 7), and VI (n = 6) were given 0.02, 0.1, and 0.5 ,ug of SEB kg-", respectively. The toxins were administered to animals which, to our knowledge, had had no exposure to any of the toxins. However, tests for the presence of antibodies against the toxins were not performed.
Clinical signs. Procedures for recording intraruminal pressure changes, heart rate, and ear and rectal temperature were the same as those described previously (8, 36) . A fever index (FI), proportional to the area between the response curve and the base line temperature, with the response plotted so that 5 U on the ordinate represented a change of 1°C and 2 units on the abscissa represented 1 h, was calculated for each response; 10 U of FI are therefore equivalent to a 1°C change lasting 1 h. The frequency (RF) and amplitude (RA) of the rumen contractions were determined once every 15 min and expressed in percentages of the preinjection value. These values were plotted so that 2 U on the abscissa represented 1 h and 1 U on the ordinate represented a change of 10%. Thereafter, a frequency and amplitude indices for rumen contractions were calculated in a similar way.
Blood biochemical and hematological analyses. Blood samples were obtained before, and at 3, 6, 12, and 24 h after toxin was given. These samples were collected in Vacutainer tubes (Venoject; Terumo Corp., Tokyo, Japan) by caudal puncture of the vena jugularis. Serum enzyme activity, alkaline phosphatase (ALP), blood urea nitrogen, plasma iron and zinc concentrations, total cell counts, and differential leukocyte counts were determined, using methods described previously (38) . Enzyme activity was recorded as IU (micromoles of substrate converted to product per minute). Hematocrit was determined by centrifugation of blood samples for 5 min in a high-speed microhematocrit centrifuge (12) . Hemoglobinometry was performed by the hemoglobincyanide method (34) . Laboratory containers, syringes, needles, and other supplies were either of the commercial, nonpyrogenic, disposable type or were sterilized in dry heat at over 175°C for at least 3 h. Statistical analysis. Results were expressed as mean ± standard error of the mean. With values compared from the same goat between the base line and later values of any group, the paired t test was used. In comparisons made between two groups, an independent t test was used. The null hypothesis was rejected at the 5% level. RESULTS The mean rectal temperature in the goats before they were given TSST-1 or SEB was 38.8 ± 0.05'C; the mean heart beat was 86.7 ± 1.7 beats min-' (n = 38). The characteristic powerful rumen contraction sequences occurred about once per minute. The base line (preadministration values) of the blood biochemical and hematological determinations are shown in Tables 2, 3 , and 4. These values agree with those reported by others (31).
Responses to i.v. TSST-1 injection. Preliminary experiments indicated that low doses (0.02 and 0.1 ,ug kg-') did not induce clinical symptoms. However, these doses elicited some hematological and biochemical responses. Leukocytosis was observed at 6 and 12 h (average 154 and 174%, respectively) due to an increase in the number of circulating neutrophilic leukocytes. Lymphopenia was also seen, causing changes in the lymphocyte-neutrophil ratios at 6 and 12 h after dosing. Moreover, a decrease in blood urea nitrogen was observed at 6 h (average, 76%). Similar significant changes in blood urea nitrogen and in the number of circulating neutrophils and lymphocytes were seen after higher doses of TSST-1 (Tables 3 and 4 ). The highest dose used (20 ,ug kg-1) induced a short-lived leukopenia instead of leukocytosis, whereas blood urea nitrogen values were significant higher at 24 h (Tables 2 and 3 (Fig. 1) . The latent period for the inhibition of the rumen contractions ranged from 30 to <15 min. A clear relationship between the dose of TSST-1 injected and rectal temperature (FI) and gastric effects (rumen amplitude and frequency index) could not be found (Table 1) . Of the six goats in group III (administered TSST-1 at 20 jig kg-', three showed tachypnea. In contrast to SEB, no diarrhea was seen after TSST-1 administration.
In groups II and III, serum ALP activities decreased significantly and remained low for 24 h after TSST-1 was given (Table 3) . Within 6 h, significant decreases were seen in both plasma zinc and plasma iron concentrations, with the lowest values occurring after 12 h ( Table 3 ). The data obtained may indicate that a relationship exists between the dose of TSST-1 injected and these biochemical changes. However, a clear relationship could not be found between the temperature reactions (Fl, Table 1 ) and the alterations in zinc and iron values (Table 3) .
Responses to i.v. SEB. In groups IV, V, and VI goats (injected with SEB at dosages between 0.02 and 0.5 ,ug kg-'), similar but more marked hematological and blood biochemical changes were found than in those given TSST-1 (Tables 2, 3 , and 4). The data obtained may indicate that a relationship exists between the dose of SEB injected and the changes in these parameters. A variety of clinical effects were observed, ranging from a pyrogenic response accompanied by a fall in ear temperature, shivering, grinding, groaning, changes in heart rate ( Fig. 1) , and inhibition of rumen contractions (Fig. 1, and Table 1 ) to salivation, tachypnea, and severe diarrhea. The inhibition of the rumen contractions and the increase in heart rate were more pronounced in goats given SEB than in those given TSST-1 (Table 1; and Fig. 1 ). During the recording sessions, the shivering episodes and the shapes of the temperature curves were not different for both toxins. However, the duration of fever in the goats given SEB was persistent (in group IV four offive goats were febrile at 9 h, with a mean increase of 0.8°C; in group VI all goats had a fever at 17 h, with a mean increase of 0.9°C). Again, and most remarkable, a clear relationship between the dose of SEB injected and the temperature (FI) and gastric effects (rumen amplitude and frequency index) could not be found (Table 1) . In all groups, diarrhea was seen with wide variations between individuals. Of the five goats in group IV (administered SEB at 0.02 p,g kg-'), three had diarrhea beginning 3.5, 5.5, and 7 h after injection. One goat had watery fecal passages mixed with pseudomembranes and some blood. Two goats showed salivation and tachypnea. Of the seven goats in group V (administered SEB at 0.1 ,ug kg-'), five appeared to be in pain (colic) with diarrhea 90 to 350 min (average, 200 min) after SEB administration. The toxins used in this study were purified SEB, which has been used extensively in other studies (1, 2, 11, (18) (19) (20) and purified TSST-1 supplied by Notermans and Dufrenne (25) , who determined its toxicity in rabbits after parenteral administration. Both subcutaneous and i.v. injection of small doses (1 and 40 ,ug, respectively) induced diarrhea, whereas the 50% lethal doses of this toxin for rabbits given by these routes were 6 and 180 ,ug, respectively. Liu and Sanders (20) found that intramuscular injection of purified SEB at 50 ,ug kg-' caused death in rabbits. These results suggested that SEB and TSST-1 were more or less equipotent after parenteral injection in causing both diarrhea and death. The results of the above experiments demonstrated that, although both toxins induced similar clinical hematological and blood biochemical changes when administered to goats by i.v. injection, SEB was ca. 1,000 times more potent than TSST-1 (Fig. 1, and Tables 1, 2, 3, and 4) . In contrast to the effects of TSST-1, SEB induced colic, watery diarrhea with pseudomembranes, hemoconcentration, and a more pronounced increase in blood urea nitrogen, presumably due to renal insufficiency caused by decreased renal blood flow (19) . Similar changes have been reported for pigs and calves with diarrhea due to bacterial or viral enteric infections (15, 22) . On the other hand, blood urea nitrogen values tended to be higher in group III goats (TSST-1 at 20 ,ug kg-1; Table 3 ), although these animals did not have diarrhea. The importance of the kidney in SEB toxemia in rabbits has been demonstrated by Israel et al. (14) . Moreover, there is some evidence that early renal changes during SEB toxemia are independent phenomena and should not be considered entirely as secondary responses to cardiovascular disturbances (19 (13, 28) . This supports the theory that SEB-TSST-1-induced inhibition of rumen contractions is the consequence of internal vomiting. On the other hand, all exogenous pyrogens induce inhibition of rumen contractions, probably by a central mechanism involving the gastric centers (35, 37) . As mentioned before, staphylococcal enterotoxins induce hypotension (1, 2, 5, 18) . Therefore, it seems reasonable to assume that the observed tachycardia in goats treated with SEB and TSST-1 is primarily due to a decrease in blood pressure.
As demonstrated in the present study, both SEB and TSST-1 were pyrogenic in goats ( Fig. 1 endotoxins from gram-negative bacteria (35, 36, 39) . It is generally believed that fever is mediated by endogenous pyrogens, proteins which are produced by activated neutrophils, monocytes, and other phagocytic cells and act on central nervous system temperature-regulating centers (9, 23) . Leukocyte endogenous mediator, which also is produced by activated neutrophils, is the causative agent for the decrease in the concentrations of plasma zinc and plasma iron. One mechanism accounting for at least part of the acute lowering of the plasma concentrations of both trace elements is uptake by the liver (4, 16 Comp. Pathol., in press). Lymphocyte-activating factor, a recently described polypeptide that acts on lymphocytes, shares many of the physical properties of endogenous pyrogens and leukocyte endogenous mediator (24, 32) . The term interleukin-1 has been recently introduced to describe lymphocyte-activating factor, endogenous pyrogen, and leukocyte endogenous mediator as a family of closely related molecules, although at present there is no know sequence analysis of these substances (9) . The present finding that no clear relationship could be found between the temperature reactions (FI; Table 1 ) and the alterations in plasma zinc and iron values (Table 3) , supports the theory that febrile reactions and the changes in plasma trace metals are mediated by different polypeptides.
Other blood biochemical and hematological changes associated with TSST-1 or SEB-induced fever included a decrease in serum ALP activity and lymphopenia. It has been reported that young pigs exhibiting clinical signs of enteritis had less serum ALP activity (15) . In the present study, both toxins depressed serum ALP activity, although no diarrhea was observed after TSST-1 administration. E. coli endotoxin is another bacterial product, which in absence of diarrhea, depressed serum ALP activity in goats (38) . Interestingly, the number of lymphocytes was significantly lowered in response to low doses of TSST-1, which did not induce clinical symptoms. Lymphocytes are probably one of the most sensitive target cells to both staphylococcal toxins and endotoxins from gram-negative bacteria (39) .
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